eripartum cardiomyopathy is a rare cardiac disorder leading to heart failure in the last month of pregnancy or up to 5 months postpartum. 1 Although the etiology has not been determined, investigators have noted a high incidence of embolism with peripartum cardiomyopathy; 2 cardiac mural thrombi have been found at autopsy in some patients and thrombi have been demonstrated in the left ventricle, and in a few instances in the right ventricle, by 2-dimensional (D) echocardiography. 3 Furthermore, the course of intracardiac thrombus associated with peripartum cardiomyopathy has not been reported. We present a case of peripartum cardiomyopathy with biventricular thrombi that was managed successfully using anticoagulant therapy.
pressure was 98/68 mmHg. A third heart sound and a grade 2/6 pansystolic murmur was audible at the apex. Crepitations were not heard over the lung fields and edema was absent.
Most laboratory findings, including cardiac enzymes, were within normal limits. Anticardiolipin 2-glycoprotein I complex antibody was absent, but D dimer, 2 plasmin inhibitor·plasmin complex, human atrial natriuretic peptide, and brain natriuretic peptide were all elevated ( Table 1) . Titers of antiviral antibodies for 5 viruses (Coxsackie A-4, A-5, A-9, B-3, B-4) were measured on the day of admission and 3 weeks later, and no significant change was observed. The electrocardiogram revealed right axis deviation, negative T wave changes in leads I, aVL and V2-6, and QT prolongation (QTc 0.47 s). A repeat echocardiogram confirmed biventricular dilation, left atrial enlargement, marked generalized hypokinesis with a left ventricular enddiastolic dimension of 57 mm and a left ventricular ejection fraction of 18% (Fig 1A) , grade 2 mitral and tricuspid regurgitation, and apical thrombi in both ventricles (Fig2A). The thrombi were spherical, pedunculate, shaggy and irregular in configuration, and freely mobile. There was no Peripartum cardiomyopathy is a rare cardiac disorder characterized by the development of heart failure in the last month of pregnancy or up to 5 months postpartum in women without other determinable causes of cardiac failure. Intracardiac thrombi have been found at autopsy in some patients with this condition and have been demonstrated in the left or right ventricles on 2-dimensional echocardiography. A 23-year-old woman presented with peripartum cardiomyopathy and biventricular thrombi on echocardiography. The thrombi were spherical, pedunculate, shaggy and irregular in configuration, and freely mobile, suggesting that they were fresh. She was treated with conventional heart failure therapy and anticoagulants. Four days later, the apical thrombi within both ventricles had disappeared and there was no evidence of embolism on physical examination. The hypercoagulable state of the peripartum period and the severe biventricular dysfunction most likely led to the formation of biventricular thrombi. evidence of pericardial effusion. Heart failure therapy with furosemide and dobutamine was continued. She was initially anticoagulated with intravenous heparin for the biventricular thrombi, and her activated partial thromboplastin time was maintained at 1.5-2.0-fold of the control level. A subsequent echocardiogram performed 4 days later showed no evidence of apical thrombi in either ventricle ( Fig 2B) and there was no evidence of embolism on physical examination. A pulmonary perfusion scan confirmed normal perfusion without defects in both lungs. Therapy with furosemide, enalapril and anticoagulant with warfarin and aspirin was initiated or continued and her condition gradually improved. Two months after admission, the left ventricular end-diastolic dimension and ejection fraction had recovered to 47 mm and 48%, respectively (Fig 1B) . There was neither cardiomegaly (a cardiothoracic ratio of 45%) nor pulmonary venous congestion on chest radiography. The abnormal electrocardiogram findings improved, but the negative T wave changes in leads V1-4 remained. Concentrations of D dimer, 2 plasmin inhibitor·plasmin complex, and human atrial natriuretic peptide had also normalized within 2 months of admission. The brain natriuretic peptide was nearly normal by this time as well.
Cardiac catheterization and endomyocardial biopsy performed 2 months after admission revealed a normal pulmonary artery wedge pressure (mean 7 mmHg), normal left ventricular end-diastolic pressure (6 mmHg), and a large left ventricular chamber (124 ml/m 2 ) with slight generalized hypokinesis and grade 1 mitral regurgitation. The left ventricular ejection fraction was 57% and the cardiac index was 4.5 L·min -1 ·m -2 . Histologic examination of an endomyocardial sample showed no specific findings, and no significant coronary arterial lesions were seen on coronary angiography. She was therefore diagnosed with peripartum cardiomyopathy.
The patient continued to do well and was discharged on hospital day 72 on a regimen of furosemide, enalapril, warfarin, and aspirin, and was able to return to work. Repeat echocardiography performed 1 year after admission showed normal left ventricular function (left ventricular end-diastolic dimension, 43 mm; left ventricular ejection fraction, 61%, Fig 1C) . She was counseled that another pregnancy could be dangerous, and she has not become pregnant since.
Discussion
The true incidence of peripartum cardiomyopathy is unknown and estimates vary from 1:15,000 to 1:1,300 deliveries. 4, 5 Echocardiography is the most widely used procedure for diagnosis and it usually shows a dilated left ventricle with marked systolic dysfunction. High parity, twin gestation, age >30 years, conduction defects on electrocardiography, and late onset of symptoms after delivery are unfavorable prognostic factors. 6 The return of the left ventricle to normal size and function usually occurs within 5 months postpartum in 50% of patients and is considered an important prognostic factor for survival. 7 To our knowledge, a patient with an atrial septal defect repair and peripartum cardiomyopathy has not been previously reported. The present patient had a history of atrial septal defect treated surgically at age 5, and she had been well since, because all of the alterations in the cardiopulmonary hemodynamics should have improved after the surgery. Blood volume increases substantially during pregnancy, beginning as early as week 6, after which it increases rapidly until midpregnancy and then slowly in late pregnancy. The degree of maximum volume expansion varies considerably in the individual patient, but averages almost 50%. Hemodynamics are also altered substantially during labor and delivery because of anxiety, pain, and uterine contraction. A temporary increase in venous return may occur immediately after delivery because of relief of caval compression and from blood shifting from the contracting uterus into the systemic circulation. However, the symptoms of heart failure in the present patient did not appear during pregnancy or immediately after delivery and so the prior history of atrial septal defect repair did not seem to relate to the onset of peripartum cardiomyopathy and heart failure.
An important finding in the present case is the association of thrombi within both ventricles. Up to 53% of patients with peripartum cardiomyopathy have been reported with thromboembolism, 1,2,4,8 although the majority of these were reported at autopsy or after clinical evidence of thromboembolism. There are several case reports of peripartum cardiomyopathy with intracardiac thrombus diagnosed by echocardiography, but to our knowledge, all but one of those reports demonstrated either left or right ventricular thrombus on 2-D echocardiography 3 and so our finding of biventricular thrombi is quite rare. In addition, the clinical course of intracardiac thrombus associated with peripartum cardiomyopathy has not been reported, although Lampert et al suggested the mechamism is as follows. 9 Individuals with pregnancy are at increased risk of thromboembolic complications because of the hypercoaguable state of late pregnancy, which is associated with increased concentrations of coagulation factors VII, VIII, and X and of plasma fibrinogen, and as well as enhanced platelet adhesiveness. 10 This hypercoaguable state of pregnancy may persist for as long as 6 weeks postpartum, 11, 12 and furthermore, the severe ventricular dysfunction noted in patients with peripartum cardiomyopathy results in blood stasis, which in turn predisposes them to the formation of ventricular thrombi. We speculate that in the present case both the hypercoagulable state of the peripartum period and the severe biventricular dysfunction led to the formation of biventricular thrombi. Recent thrombi are more shaggy and irregular in configuration, whereas organized thrombi are more circumscribed and immobile. 13 Fresh thrombi are also low echoic and nonlaminar. 14 In the present case, the biventricular thrombi appeared to be shaggy, irregular and not highly echoic, nonlaminar, and were freely mobile, suggesting that they were fresh. Furthermore, the thrombi disappeared after only 4 days of intravenous heparin.
Although it has been recommended that anticoagulants should be continued as long as the cardiomegaly persists, 1 no consensus exists as to whether anticoagulants should be continued after the thrombus disappears. In the present case, the elevated concentrations of the D dimer and the 2 plasmin inhibitor·plasmin complex and the dilation of the left ventricle had normalized within 2 months of presentation. Anticoagulants were continued and the patient has been free from any thromboembolic events during the 3 years of follow-up.
